Background: Despite the growing agreement that modern environments fuel increased food consumption and decreased physical activity, few studies have addressed environmental and policy correlates of obesity. This study describes obesity patterns across Europe and identifies macroenvironmental factors associated with obesity prevalence at a national level. Methods: Data on obesity prevalence and indicators of the physical, economic, and policy environment were assembled from international databases for 24 European countries. Coefficient estimates between overall, male, and female obesity prevalence and each independent variable were calculated using linear regression. Results: The obesity prevalence varied widely across countries and between genders with higher values in Central and Eastern European countries and lower values in France, Italy, and some Scandinavian countries. Statistically significant inverse associations were observed between overall and female obesity prevalence and variables from the following domains: economic (real domestic product), food (available fat), urbanization (urban population), transport (passenger cars, price of gasoline, motorways), and policy (governance indicators). There was also a negative association between overall obesity and available fruits/vegetables, and between female obesity and single-member households. Male obesity was inversely associated with available fruits/vegetables and density of motorways. The magnitude of the coefficient estimates suggests stronger associations for female obesity than for male obesity in all cases. Conclusions: This exploratory study suggests a need to conduct additional research examining the role of obesogenic environments in European countries, with a special focus on policy-related variables, and to further study gender-specific differences in obesity and its correlates.
T
here is a well-established relationship between excess body mass index (BMI) and mortality and morbidity from several chronic diseases, such as cardiovascular diseases, certain cancers, type 2 diabetes, osteoarthritis, work disability, and sleep apnoea. [1] [2] [3] Recognizing this relationship, the World Health Organization (WHO) has declared obesity a significant global epidemic, affecting the population of both industrialized and non-industrialized countries. 4 Although obesity is less prevalent in most European countries than in the United States, the International Obesity Task Force indicates that the prevalence of obesity has increased during the last decade on the 'Old Continent'. 2 In Europe, the consequences of excess body weight are estimated to account for 7-8% of the overall burden of disease 5 and $1-5% of total health care expenditures. 1 Because of the increasing prevalence and costly consequences, obesity can no longer be considered as a purely medical issue, but rather as a threat to public health, requiring national and global strategies for prevention and management. 1, 6, 7 Unfortunately, existing obesity prevention programmes are low in number and effectiveness. 1, 8 Several experts claim that the relatively poor success of such interventions is due to their traditional, individual-level, behaviour change approach and a paradigm shift towards an ecological-level understanding of obesity is necessary to reverse the escalating trends. [8] [9] [10] An ecological model suggested by Egger and Swinburn defines obesity as the net result of biological, behavioural, and environmental influences, which are mediated by energy intake and expenditure, and moderated by physiological adjustments. 9, 10 In their model they describe the environment as the 'public health arm of the obesity problem' and emphasize the importance of microenvironmental and macroenvironmental attributes in shaping individual behaviour. 9 They also categorized the environment according to type, as physical, economic, political, and sociocultural. 9, 10 Although there is growing agreement among researchers that the modern environment is a major contributor to present obesity trends, [10] [11] [12] [13] there are very few published studies addressing how various environmental factors fuel this epidemic. [14] [15] [16] [17] [18] The existing studies were conducted in the United States and Australia and have mainly focused on the effect of urban form, transportation infrastructure, neighbourhood environment, and lifestyle factors on BMI and obesity at the individual 14, [16] [17] [18] and county 15 levels. The results of these studies indicate associations between increased likelihood of obesity and negative community perceptions, lack of nearby recreational facilities, absence of sidewalks, spending more time in a car, walking less, not having access to a motor vehicle all the time, being a resident of a less walkable or a more sprawling neighbourhood, and residing in an area with lower levels of land-use mix. [14] [15] [16] [17] [18] However, these studies are limited in scope to the microenvironment of individuals and provide no information on European patterns and correlates.
Despite the widely recognized role of governmental-level factors for many health behaviours, 13, [19] [20] [21] [22] the link between policy and obesity trends is not well understood. Policy-level changes can guide individual choices and may be good complementary methods to individual-level interventions, as they can influence the lives of more people, may affect groups who are difficult to reach with traditional approaches, can have longer lasting effects on behaviour change by shaping social norms, and 
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The quality of 'inputs' (e.g. bureaucracy, public service provision, etc.) required for the government to be able to produce and implement good policies and deliver public goods Macroenvironmental correlates of obesity may be cost-effective. 10, 23 Further research is clearly needed to understand whether policy and governance characteristics influence the obesity epidemic.
The aims of this study are 2-fold: (i) describe geographical patterns of obesity in Europe and (ii) examine correlations between country-specific obesity prevalence rates and macroenvironmental factors including indicators of physical, economic, and policy domains. Given the sparse literature related to the latter aim, this study is considered exploratory.
Materials and methods

Design and data sources
In order to address these research aims, we conducted an ecological, correlational study of European countries. The prevalence of obesity across countries was evaluated in relation to national indicators of the physical, economic, and policy environments. Aggregate country-level data were assembled from several databases (see table 1 ). European countries were classified as Western European (WE) and Central-Eastern European (CEE) as shown in table 2.
Obesity prevalence
The dependent variables were self-reported overall and genderspecific prevalence rates of obesity (i.e. percentage of population with BMI $ 30 kg/m 2 ) derived from national surveys. Countries were selected based on the availability of obesity prevalence data. The Global Noncommunicable Disease (NCD) InfoBase of the WHO collects country-level data on important noncommunicable disease risk factors for all WHO Member States and was used to identify countries for this study. 24 A 6-year timeframe was applied (1997) (1998) (1999) (2000) (2001) (2002) to search the database. We selected the most recent study during this period that was both nationally representative (i.e. both urban and rural samples) and based on self-reported data.
Initially, all European countries fulfilling the abovementioned criteria and having available prevalence data in the database for at least one of the obesity categories (overall, male, or female) were included in the study. Literature review 7, 25, 26 and personal communication (M.D. Vaz de Almeida and C. Alfonso, October 2004) were used to acquire missing obesity information. Following the completion procedure, countries with missing obesity data in any of the three categories were excluded, leaving a total of 24 countries for analysis.
Independent variables
A search was performed to identify physical, economic, and policy macroenvironmental indicators from databases of international health, economic, and other governmental organizations for the selected countries. The physical environment was further categorized into food, urbanization, household, and transport variables. The available variables of interest are described in table 1, along with their sources.
Statistical method
To describe the geographical patterns of the prevalence of obesity across countries, data were mapped using geographical information system software (ERSI Arc Map 8.2, Redlands CA, 2002). Linear regression models were employed to examine the unadjusted association between each independent variable and obesity prevalence as a continuous dependent variable for overall, male, and female groups separately. Given the exploratory nature of our study, analyses relied on an alphalevel of 0.10 to confer statistical significance. Analyses were run using SPSS for Windows version 12.0.
Results
Obesity patterns
There was a wide variation in the prevalence of obesity across countries and between genders (table 2). Obesity prevalence ranged from 7 to 18% among males, from 6 to 20% among females, and from 6 to 20% for the combined genders. The geographical distribution is displayed in figure 1 using genderspecific quartiles (i.e. the absolute percentage range for each quartile differs for males and females). The highest prevalence rates were reported from CEE countries for both genders with obesity prevalence rates ranging from 9 to 18% with a median value of 15% for males and from 12 to 20% with a median value of 17% for females. Interestingly, relatively high prevalence values for one or both genders were observed in some WE countries like the United Kingdom, Ireland, Denmark, Finland, Switzerland, and Spain. The lowest prevalence rates were found in France, Italy, and some of the Scandinavian countries. In Western Europe, the obesity prevalence for males ranged from 7 to 14% with a median value of 9.5% and for females from 6 to 14% with a median value of 11%.
Macroenvironmental correlates
The sample size and distribution of the independent variables of interest are provided in table 3. Overall and gender-specific linear regression coefficients (b) along with the p-values are presented in table 4. Statistically significant inverse associations were observed between overall obesity prevalence and gross domestic product (GDP), real domestic product (RDP), available fat, available fruits and vegetables, urban population, and all variables from the transport and policy domains. Associations for female obesity were similar to overall obesity with a few exceptions: coefficients for GDP and available fruits and vegetables were not significant and there was a significant negative coefficient for single-member households. The only statistically significant findings for male obesity were an inverse association with available fruits and vegetables and density of motorways. All food and some of the transport variables were related to obesity in the opposite direction to that expected. The magnitude of the coefficient estimates suggests stronger associations for female obesity than for male obesity in all except one case (available fruits/ vegetables). Independent variables not significantly associated with obesity in any of the three groups included students in tertiary education, unemployment rate, available calories, and large household.
Additional analyses of the policy indicators were performed to further explore the large magnitude and robust statistical significance of these coefficients. First, the average governance indicator was transformed into a categorical variable based on quintiles and entered into a linear regression with the overall obesity prevalence as a continuous dependent variable. Second, a logistic regression model was developed including overall obesity prevalence as a dichotomous dependent variable (using the mean value as a cut-off point) and the average governance indicator as a continuous independent predictor. These models provided similar results to those shown in table 4 and are not discussed further.
Discussion
We examined obesity data for 24 European countries from the period 1997-2002 and found that CEE countries had the highest obesity prevalence rates for both genders. This finding is consistent with previous studies that suggest a Western-Eastern difference in overweight and obesity in Europe. 1, 27 Several authors explain this difference by a transition in the social, economic, and nutritional environments paralleled by a delayed effect of the Western lifestyle in the countries of the former 'Eastern block'.
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Figure 1 Geographical distribution of the prevalence of obesity by gender-specific quartiles in 24 European countries
Macroenvironmental correlates of obesity
Findings regarding the economic characteristics of a country suggest that there is significantly less obesity in countries with higher GDP and RDP. The positive correlation between income and the health status of a country (i.e. lower prevalence of obesity) is well known and explained by the 'command over many of the goods and services that promote good health, such as better nutrition'. 29 Similarly, several studies describe, especially for women in affluent societies, an inverse association between obesity and different proxy indicators of socioeconomic status. 19, 27, 30 Furthermore, our findings are consistent with the idea presented in a study by Philipson and Posner, namely that in technologically advanced countries (as we consider all European countries included in our study), per capita income and weight will have a negative association owing to an increased demand for thinness in more affluent societies. 31 Our study found a lower prevalence of obesity in countries with higher per capita availability of fat, and fruits and vegetables, but no association with available calories. These contradictory findings may be due to the limitation of food balance sheets to describe actual consumption. 5, 32 Data from household surveys or nationally representative food consumption surveys are preferred; however, such data are unavailable for the majority of the countries, especially in CEE. 5 There is growing evidence that the land-use characteristics and transportation patterns affect the levels of physical activity and in this way are related to the prevalence of obesity. 33, 34 Giuliano and Narayan 35 claim that most European metropolitan areas have high-density, centralized land-use patterns that promote walking instead of driving a car. In our study, we used the percentage of urban population as a proxy measure of the 'walkability' of a country, assuming that European urban areas are more walkable than rural regions. Our results suggest that countries with a higher percentage of urban population have lower obesity prevalence rates.
The concept behind the household variables was to describe the level of residential crowding in each country that could be related to differences in lifestyle habits (e.g. shopping, eating, and household-related physical activity) and also closely linked to income. 36 In our study, a greater number of single-member households was negatively associated with obesity among females only.
Our intention with the transport domain was to describe daily transportation patterns and active commuting levels. All variables showed a significant correlation with overall and female obesity in the opposite direction than expected, except for the price of gasoline. Given the important role that economic factors play in chronic disease risk, 37 it is important to better understand the role of factors such as price of gasoline in affecting obesity risk.
In our study we included aggregate indicators addressing different aspects of the quality of governance and observed robust significant coefficients for all six indicators, with especially high coefficient estimates and low p-values for women. Our findings suggest lower levels of obesity in countries that can be described among others by more independent media or by higher 'capacity of the government to effectively formulate and implement sound policies'. 38 The complexity of these indicators makes it difficult to interpret our results; however, we hypothesize that better stability and higher effectiveness of a government may provide a better opportunity for policymakers to focus on key public health problems such as obesity.
Laws and regulations were crucial components of public health achievements of the 20th century, however, they are not yet fully recognized or used systematically in the prevention and control of chronic conditions such as obesity. 39 Policydriven structural changes in the environment may shape eating and physical activity habits and consequently affect body weight patterns. 21 An economic approach may influence a wide range of intermediate determinants of individual-level choices such as food production and marketing, agriculture, urban design, Macroenvironmental correlates of obesity media, education, and transport by implementing targeted taxes and subsidies. 13, 21, 40 Economic policies that could possibly make active-living choices easier by enhancing public transit, walking, and bicycling include increased tax of gasoline, parking cash-outs, and extra charges for automobiles entering congested city areas. 41 For example, a study conducted by Stahl et al. 42 in Eastern and Western Germany, and Finland showed a positive correlation between activity-friendly policy orientation, better infrastructure for sport, and physical activity behaviour. To successfully advocate for further policy-level changes, public health professionals need more than anecdotal evidence on the relationship between obesity and governance characteristics and the policy environment, which this study helps to establish.
We found a general trend of higher prevalence rates of obesity and stronger associations between obesity and macroenvironmental indicators among women compared with men. These results support the hypothesis that women may be more susceptible to obesity, especially in former Socialist countries. 27, 43 In its report on 'Gender Differences in Susceptibility to Environmental Factors,' the Institute of Medicine suggests that differences in biological factors such as genetics or hormones may explain why women are more susceptible to certain environmental factors than men and proposes that these environmental factors should be identified and considered in research and health promotion efforts. 44 Our study also supports the notion that besides biological differences, women may be more likely to be obese because of their role in the family and household, and, consequently, their easy access to food. 27 To our knowledge, no previous study on obesity has included as many countries from both Western, and Central and Eastern Europe or such a wide variety of macroenvironmental indicators, including governmental characteristics. Despite these strengths, the use of an ecological, cross-sectional study design introduces potential biases and cannot establish temporality. Our conclusions are limited to country-level associations, ignoring within-country variations and individual-level associations. National, objectively measured data on obesity in Europe is largely unavailable, 43 especially when Central and Eastern European countries are included. We decided to include selfreported obesity data in our study, as available studies with selfreported data tended to be more often nationally representative and more recent than studies with obesity data based on measured height and weight. Although, BMI based on self-reported height and weight is likely to underestimate obesity prevalence and may vary across gender, race, age, and education subgroups, 45 it has been found to be sufficiently accurate for comparative and relative measures and should not substantially bias the results of this correlational study. 46 However, it is possible that the difference between female and male obesity prevalence can be partially explained by gender-specific variation in the accuracy of self-reported weight and height. 45 Furthermore, the quality of data identified from international databases may differ depending upon the accuracy and methodology used by reporting countries. To fully understand the between-country differences in obesity patterns across Europe, an internationally comparable database of environmental and policy variables should be developed, including food production and marketing, media activity, transportation and urban planning laws, and national obesity prevention campaigns. Findings from this study should be used not to draw final conclusions but rather to generate hypotheses for further research utilizing stronger study designs.
Conclusion
This exploratory study seeks to call the attention of experts in the field to the need for cross-nationally comparable obesity data and more sophisticated research in order to understand the role of obesogenic environments, with a special focus on policy-related variables. Furthermore, the higher prevalence rates of obesity and stronger associations between obesity and macroenvironmental indicators among women suggest a need for gender-specific studies.
Key points
Our study described obesity patterns across Europe and identified macroenvironmental factors associated with obesity prevalence at a national level. Obesity prevalence varied widely across countries and between genders with higher values in Central and Eastern European countries. Obesity was associated with national indicators from economic, food, urbanization, transport, and policy domains. Associations between obesity and macroenvironmental factors were stronger among females than males in all cases.
